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In  In  vitro  studies  bovine  pancreatic  rlbonuclease  has  been  found  to 
inhibit  the  depolymerization  and  hydrolysis  of  bovine  fibrin  by  plasmln 
of  humen  origin.  The  human  plsemln  utilized  mas  observed  to  enhance 
the  nuclease  enzyme  activity  of  bovine  pancreatic  rlbonuclease. 

Studies  made  on  tha  role  of  heparin  and  rlbonuclease  In  fibrinolysis 
have  Indicated  that  heparin  Inhibits  the  antlplaamln  activity  of  rlbonucieaee. 
In  addition.  It  has  been  found  that  haparln  in  lorn  concentration  11-10 
NIN  units)  Inducss  liquefaction  of  fibrin  clots  In  vitro  without  added 
plaamln.  Bovine  pancreatic  rlbonuclease  ml  1 1  inhibit  this  effect  of  heparin. 

01  lute  acid  hydrolysis  of  bovine  pancreatic  rlbonuclease  (0.0IN  -  0.075N 
hydrochloric  acid)  results  in  tha  leas  of  the  nuclease  activity  of 
rlbonuclease  but  not  the  antlplaamln  activity  of  rlbonuclease. 

The  data  obtained  are  discussed  In  terme  of  the  mechanism  of  fibrinolysis 
end  the  functions  of  rlbonuclease  and  heparin. 
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ANNUAL  PROGRESS  REPORT 


INVESTIGATION  OF  THE  MECHANISM  OF  FIBRINOLYSIS 
Introduction 

During  the  put  year  investigations  on  the  mechanism  of 
fibrinolysis  have  been  continued. 

In  order  to  gain  further  Insight  into  the  mechanism  by  which 
rlbonuclease  Inhibits  the  lysis  of  fibrin  clots,  four  separate  studies 
were  conducted.  Two  of  these  -  investigations  of  the  rlbonuclease 
activities  of  the  components  of  the  fibrinolytic  system  and  Investi¬ 
gations  on  the  Inhibition  by  rlbonuclease  of  the  depolymerization  and 
hydrolysis  of  fibrin  by  plaamin  -  were  continued  utilizing  human 
plaamln  as  the  fibrinolytic  enzyme  and  bovine  fibrin  as  the  substrate. 

In  previous  work  In  these  areas  an  ail-bovine  fibrinolytic  system 
had  been  employed. 

Studies  were  also  Initiated  to  determine  whether  or  not  the 
rlbonuclease  molecule  is  required  In  toto  for  antiplaamln  activity. 

In  this  work  rlbonuclease  is  being  degraded  chemically  and  enzymatically 
Into  peptides  and  amino  acid  fractions.  These  components  are  being 
assessed  for  antiplasmln  activity. 


In  tha  final  aarlaa  of  atudiaa  marta  during  tha  parlod  covarad 
by  thla  raport,  axparlmanta  wara  conductad  In  which  tha  rola  of  haparin, 
raportad  Inhibitor  of  rlbonuclaaaa  anzyma  activity,  was  aacartalnad 
with  raapact  to  Ita  ralatlonahlp  to  rlbonuclaaaa  and  tha  fibrinolytic 

ayatam. 

Thla  raport  praaanta  tha  mat ho da,  data,  and  raaulta  obtainad 
In  tha  aferamanttonad  atudlaa  during  tha  parlod  from  July,  1962 
through  Juna,  1963. 


A.  Inv—  float  Ion  of  the  Rlbonuclease  Activity  of  the  Fibrinolytic 


System 

Studies  w ere  continued  to  determine  If  tho  various  biological 
materials  comprising  the  fibrinolytic  system  used  In  our  work 
possessed  rlbonuclease  activity  or  Inhibited  the  enzymatic  function  of 
rlbonuelease.  Evaluations  of  rlbonuclease  activity  were  carried  out 
according  to  the  methods  of  An f Insen,  at.  jJ..  (II,  as  described  by 
Click  12).  Details  of  this  method  and  the  analytical  procedure  used 
in  our  work  are  presented  In  our  Annual  Progress  Report,  November  I, 

1961  through  June  30,  1962,  previously  submitted. 

Systems  studied  Include  bovine  plasmln,  bovine  pancreatic  rlbonuclease, 
bovine  plaamln  plus  bovine  rlbonuclease,  human  plasmln,  and  human  plaamin 
plus  bovine  rlbonuclease.  No  additional  studies  were  made  with 
pancreatln  or  trypsin  since  earlier  work  (previously  reported)  Indicated 
that  these  enzymes  do  not  possess  rlbonuclease  activity.  They  are 
capable,  however,  of  hydrolysing  rlbonuclease  and  are  to  be  used  for 
this  purpose  in  other  studies. 

Determination  of  rlbonuclease  activity  was  made  at  pH's  3.0,  7.8,  and 

8.6. 

The  results  of  the  Investigations  of  the  rlbonuclease  activity  of 
the  components  of  the  fibrinolytic  system  employed  In  our  research 
efforts  are  suamarlsed  In  the  following  table. 
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L»fci  I 


of  Rlbenucl 


Enzyaa 

Concantrat Ion 


%  Tranaalaslon 
(260  N|i) 


Enzyaa  Syatan 


Rlbonuclaaaa1  5  47.0  33.0  92.0 

Plaaaln2  5  100.0  90.0  100.0 

Plaaaln  +  Rlbonuclaaaa 

(10  :  II  50:5  43.0  28.2  40.0 

Plaaaln  +  Rlbonuclaaaa 

(1:1)  5:5  50.0  24.0  56.0 

Plaaaiin  +  Rlbonuclaaaa 

(I  :  10)  0.5:5  49.0  28.0  40.0 


8. 


Rlbonuclaaaa^  5  17.0  18.5  31.0 

Plaaaln*  50  86.0  80.0  77.5 

Plaaaln  +  Rlbonuclaaaa 

(10  :  I)  50:5  17.0  16.6  24.3 

Plaaaln  +  Rlbonuclaaaa 

(1:1)  5:5  21.0  19.3  23.7 

Plaaaln  +  Rlbonuclaaaa 

(I  :  10)  0.5:5  22.9  20.6  25.4 


(Bovlna  pancraatlc  rlbonuclaaaa  -  Araour  and  Co.,  Chicago,  llllnola 
28ovlna  plaaaln  -  Parka  -  Davla  an4  Co.,  Datrolt,  Michigan 
SBovIna  rlbonuclaaaa  -  Wl laon  ana  Co.,  Chicago,  llllnola 
*Nuaan  plaaaln  (throabolyaln)  -  Marck  Inatltuta  for  Tharapautlcal  Raaaarch 
Waat  Point,  Pannayfvanta 


Examination  of  tha  data  obtained  In  these  atudlaa  Indicataa  that 
plaamin  of  human  origin  doaa  not  possess  ribonuclaaaa  activity  In  aplta 
of  tha  observation  that  human  plaamin  appaara  to  cauaa  soma  dapolymarlzatlon 
of  yaaat  nuclalc  acid.  Thia  can  poaalbly  ba  attributed  to  tha  fact 
that  human  plaamin  la  tha  activated  form  of  plasminogen  -  the  prepara¬ 
tion  used  being  activated  with  streptoklnaee-etreptodornase  (deoxy¬ 
ribonuclease)  -  and  that  tha  activator  may  have  caused  some  depolymerization 
of  ribonucleic  acid.  In  further  support  of  this  contention  la  the 
observation  made  for  both  the  bovine  and  human  plaamin  ayataam  that  the 
presence  of  plaamin  apparently  enhances  the  activity  of  ribonuclaaaa, 
especially  at  pH's  7.8  and  8.6.  The  fact  that  such  phenomena  do  not 
occur  to  any  appraciable  extant  at  pH  5.0  suggests  the  possibility  that 
molecular  charge  distribution  patterns  are  of  extreme  importance  In  the 
p  I  ami!  n-r  I  bonuc  I  ease  complex. 

At  pH  7.8  ribonuclaaaa  la  at  Its  isoelectric  point  and  also  at  the 
pH  reported  to  be  optimal  for  pancreatic  rlbonuclease  enzyme  activity. 

Our  data  confirms  the  latter  concept.  At  pH's  higher  or  lower  than  the 
rlbonuclease  isoelectric  pH  of  7.8  Its  activity  as  an  enzyme  decreases. 

The  function  of  plaamin  in  promoting  rlbonuclease  activity,  however, 
appears  to  be  greater  at  pH's  above  the  isoelectric  pH  of  7.8  18.6), 
suggesting  a  molecular  combination  of  plaamin  and  rlbonuclease  through 
negatively  charged  bonds  of  a  specific  nature.  This  contention  Infers 
the  presence  of  active  centers  similar  in  molecular  configuration  on 
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either  pi  wain  or  rlbonucloM*  or  both  required  for  Inherent  ond  pur¬ 
ported  enzyme  eetivltlee  ee  well  ee  for  the  entlpleamtn  activity  of 
ribomicleaee.  Moreover,  It  la  Interesting  to  note  that  the  ratio  of 
plamtn  to  rlbonucleaae  is  Important  In  terms  of  rlbonuclease  activity. 
This  Is  especially  raflected  In  studies  with  human  plaamin  where  It  can 
ba  observed  that  apparently  with  reduction  of  the  concentration  of 
plasmin  relative  to  the  concentration  of  rlbonuclease  seme  Inhibition  of 
rlbonuclease  activity  by  plaamin  is  obtained.  This  data  again  suggesta 
a  specific  molecular  combination  of  plasmin  and  rlbonuclease  Involving 
eetlve  centers  for  enzyme  activity. 

In  the  all-bovine  system  the  effect  of  varying  concentrations  of 
bovine  plesmln  on  rlbonuclease  activity  Is  not  as  clear.  The  ratio  of 
plaamin  to  rlbonuclaase  necessary  to  Inhibit  plasmin  activity  Is  in 
the  relationship  of  one  to  one  and  more  effective  at  pH's  5.0  and  8.6. 

This  again  point  out  the  role  of  electrostatic  bonding  between 
rlbonucleaae  and  plaamin. 

Finally,  the  question  of  species  specificity  In  relation  to  plaamin- 
rlbonucleaae  Interaction  is  In  part  answered  through  these  Investigations. 
There  appears  to  be  no  species  specificity.  Bovine  ssdhwnan  pi asm  I  ns 
are  capable  of  Interacting  with  bovine  rlbonuclease.  Whether  this 
phenomenon  Is  characteristic  of  bovine  and  human  plaamlnscan  only  be 
determined  by  additional  studies  using  plasmin  and  rlbonuclease  from  other 
animal  species  and  other  tissues.  Such  investigations  are  planned  as  part 
of  our  continuing  effort. 


8.  Inhibition  by  Rlbonuclease  of  the  Deoolymer Izatlon  and  Hydrolysis  of 

Fibrin  bv  PI— win 

Studio*  were  continued  In  **cort*tnlng  the  rolo  of  rlbonuclooso 
In  preventing  the  dapo I ymer Izatlon  and  subsaquent  hydrolyala  of  fibrin 
by  plasmln.  In  earlier  work  theae  Invest  I  get  Iona  were  made  utilizing 
bovine  plaaeiin.  In  our  current  progrwn  of  research  on  this  problem,  a* 
presented  In  this  report,  we  have  been  and  are  continuing  the  Investigation 
of  the  ent I  fibrinolytic  activity  utilizing  human  plesmln  as  our  flbrino- 
lytic  enzyme  and  bovine  pancreatic  rlbonuclease  as  the  source  of  anti- 
f Ibrlnolysln. 

Although  the  parwneters  of  observation  and  measurement  observed  In 
studies  with  human  plasmln  ware  the  same  as  presented  In  our  last 
progress  report  for  studies  made  with  bovine  plasmln  -  namely,  the 
production  and  Identification  of  amino  acids  resulting  from  plasmln 
hydrolysis  of  fibrin  -  we  have  modified  our  assay  procedures  In  order  to 
achieve  a  more  phyalologtcal  system.  The  modification  consisted  of 
employing  e  phosphate  buffer  (0.03ft)  system  for  carrying  out  enzyme 
hydrolyses  rather  than  the  previously  used  barbituric  acid  buffer.  The 
molarity  and  ionic  strength  of  the  phosphate  buffer  used  was  comparable 
to  that  of  the  Veronal  buffer. 

A  second  modification  used  was  the  reduction  of  the  concentration  of 
bovine  pancreatic  rlbonuclease  used  a*  a  constant  concentration  of 
Inhibitor  from  lOOOY/lOOT  of  plasmln  to  SOOY/lOOY  of  plasmln.  This  modifi¬ 
cation  was  used  primarily  becausa  of  the  feet  that  a  change  in  our  source 
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of  supply  of  ribongcloM*  dm  doom*  It  at  *0  dua  to  o  discontinuance  of 
production  of  this  product  by  tho  aianufactursr.  A  now  source  of 
rlbonuclosso  wm  obtslnod  and  assay  of  this  materiel  ravaalad  It  to  ba 
of  a  higher  quality  and  purity  than  that  previously  used.  InvMtlgatlons 
in  our  laboratory  showed  that  with  the  purer  rlbonucleaae  the  ratio  of 
rlbonucleaae  necesaary  for  complete  Inhibition  of  plaaaiin  J_n  vitro  dropped 
from  10 j I  to  5:1.  Thia  obaervatlon  In  Itself  augnents  the  concept  of 
the  highly  specific  function  of  rlbonucleaae  In  the  fibrinolytic  system. 

The  third  and  final  modification  employed  was  the  recording  of 
changes  In  amino  acid  formation  by  rscordlng  changes  In  optical  density 
as  measured  using  the  Coleman  Spectrophotoawter  rather  than  the  Klett- 
Summaraon  Colorimeter. 

All  other  procedural  aspects  ef  these  studlM  were  Identlcel  to 
those  reported  In  our  prior  progress  report  covering  the  period  from 
November  I ,  1961  through  dune  50,  1962. 

The  rMults  of  these  InvMtlgatlons  have  been  suemarlzed  In  Figure 

I. 


Discussion 


Examination  of  tha  data  obtained  In  thaaa  atudlaa  (Figure  i)  ravaal 
that  bovina  pancraatle  rlbonuclaaaa  Inhibits  tha  hydrolysis  of  fibrin 
by  human  plasmin  ovar  a  wide  pH  rsnga.  Simitar  rasults  were  obtalnad 
with  bovina  plaamin. 

Tha  ona  notaworthy  dlffaranca  batwaan  data  obtalnad  with  human 
plaamin  and  that  obtalnad  with  bovina  plasmin  Is  tha  pH  at  which  optimal 
activity  was  obtalnad.  With  bovina  plasmin  tha  pH  for  optimal  activity 
of  plasmin  appasrad  to  ba  7.8  -  8.0,  whlla  that  for  human  plaamin  Is  7.4. 

it  Is  also  of  Intarast  to  nota  In  this  raspact  that  although 
rlbonuclaaaa  Inhibits  human  plaamin  activity  avan  In  tha  proaanca  of 
rlbonuclaaaa,  optimal  anzyma  activity  for  plaamin  Is  still  found  at  pH 
7.4.  Similar  rasults  wara  obtalnad  with  bovina  plaamin.  This,  In  our 
opinion.  Is  of  axtrama  signlflcanca  bacausa  tha  optimal  pH  for 
Inhibition  of  tha  dspotymsrization  of  fibrin  Is  approxlmataly  7.8.  Ona 
posslbla  intarpratatlon  of  such  data  Is  that  thara  Is  mora  than  ona 
act i va  cantar  concarnad  In  tha  function  and  activity  of  plaamin:  ona 
concarnad  with  dapolymarizatlon  of  a  fibrin  clot  and  tha  othar  with 
hydrolysis  of  dapo I ymar I zad  fibrin. 

Of  equal  Importanca  In  thasa  Invast  I gat  Ions  is  tha  obsarvatlon  that 
thara  is  an  apparsnt  lack  of  spaciflclty  with  raspact  to  tha  plasmin 
systam  usad.  Both  bovina  and  huaan  plaamin  ara  Inhibited  by  bovina 
pancraatle  rlbonuclaaaa.  Invest  I gat  I ona  with  othar  ribonucleaM  would 
halp  resolve  this  area  of  Interact. 


If  species  specificity  Is  not  a  factor  In  terms  of  the  fibrinolytic 
system  and  Its  function  In  cardiovascular  physiology,  than  a  major 
breakthrough  In  the  realm  of  the  basic  phenomenon  of  blood  clotting  Is 
Imminent. 

Work  Is  being  continued  In  this  part  of  our  research  effort  In 
order  to  obtain  more  Information  as  to  the  mechanism  of  fibrinolysis. 
Studies  are  in  process  by  which  we  wl 1 1  ascertain  the  effects  of  the 
variation  of  the  concentration  of  ribonucleaae  In  preventing  the  hydrolysis 
of  fibrin  by  plasmln.  The  effects  of  temperature  ere  also  being 
Investigated. 

Planned  for  the  near  future  and  In  conjunction  with  work  now  In 
process  Is  an  examination  of  the  end  products  (amino  acids)  produced  by 
plasmln  hydrolysis  of  fibrin  In  the  presence  and  absence  of  rlbonuclease. 
Some  Investigations  have  been  carried  out  but  are  too  preliminary  In 
nature  to  report  at  this  time  with  one  noteworthy  exception:  xdienever 
rlbonuclease  Is  Incorporated  Into  a  fibrinolytic  system  of  plasmln  and 
fibrin  ere  have  noted,  after  chromatograph Ic  examination  of  the  hydrolysate, 
the  absence  of  several  amine  acids  and/or  peptides.  These  have  not  been 
Identified  to  date. 
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C.  Investigation  of  Degraded  Rlbonucleaae  on  Plaamln  Activity 

During  the  past  year  investigations  wars  Initiated  to  ascertain  If 
the  antlplasmln  activity  of  rtbonuclease  ia  a  function  of  the  Intact 
rlbonucleaae  or  a  specific  amino  acid  grouping  or  active  center  in 
ribonuclease.  Our  first  approach  In  this  part  of  our  research  has 
been  to  determine  the  effects  of  mild  acid  hydrolysis  on  rlbonucleaae 
from  both  the  point  of  vim*  of  ita  enzyme  function  In  depolymerizing 
yeaat  nucleic  acids  and  its  antlplasmln  activity. 

Acid  hydrolysis  was  accomplished  by  a  modification  of  the  method 
of  Gordon,  et.  aj_.  (3),  who  refluxed  protein  auccessfully  with  6N 
hydrochloric  acid  up  to  70  hours.  We  conducted  the  refluxing  in  the  auto¬ 
clave  at  I20*C  and  13  pounds  of  pressure. 

In  preliminary  experimants  10  mg.  quantltlea  of  bovine  pancreatic 
rlbonucleaae  were  hydrolyzed  in  10  ml.  of  6N  hydrochloric  acid  in 
sealed  test  tubes  In  the  autoclave  for  periods  of  20  minutes,  90 
minutes,  and  120  minutes.  Following  hydrolysis  the  hydrolysates  were 
evaporated  to  drynesa  by  boiling.  The  residue  obtained  was  then  diluted 
with  I  ml.  of  physiological  saline  to  give  a  theoretical  concentration 
of  residue  equivslent  to  I000T  of  rlbonucleaae  per  milliliter  of  saline. 
Allquota  of  0.1  (I000Y  of  hydrolyzed  rlbonucleaae)  and  0.2  (2000Y  of 
hydrolyzed  rlbonucleaae)  ml.  of  the  aaline  solution  of  the  hydrolyzed 
rlbonucleaae  ware  then  assayed  for  antlplasmln  activity  using  human  plasmln 
(IOOY)  as  the  fibrinolytic  enzyme.  The  method  of  assay  for  fibrinolytic 
activity  waa  baaed  on  the  time  required  for  complete  liquefaction  of  a  fibrin 
clot, as  described  In  our  first  progress  report, using  a  phosphate  buffer  system. 
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The  data  obtatnad  from  thaaa  atudlaa  showed  that  all  of  tha 
hydrolaataa  prepared  and  taatad  contained  no  antlplaamin  activity. 

Baaed  on  the  work  of  Zollner,  et.al.  14),  who  showed  that  hydrolysis 
of  rlbonucleaee  In  the  presence  of  heparin  by  boiling  In  I/60M  hydrochloric 
acid  at  80*C  for  30  minutes  destroyed  heparin  but  did  not  cause  the 
loss  of  rlbonucleaee  activity,  we  undertook  a  concentration  study  of 
the  hydrochloric  acid  hydrolysis  of  rlbonucleaee.  in  these  Investigations 
10  Mg.  meounts  of  bovine  pancreatic  rlbonucleaee  were  hydrolyzed  by 
autoclaving  for  15  minutes  with  varying  concentrations  of  hydrochloric 
acid  ranging  froei  5N  to  O.OIN.  Following  hydrolysis  the  hydrolysates 
were  evaporated  to  dryness  by  boiling  and  deasicatlng  under  vacuum.  The 
residue  hydrolysates  were  then  dissolved  In  physiological  saline  and 
assayed  for  antlplaamin  activity  at  pH  7.4  using  the  fibrin  clot  lysis 
method.  The  residue  hydrolysates  were  assayed  for  rlbonucleaee  activity 
at  pH's  5.0  and  7.4  by  methods  previously  described  and  used  In  our 
research  (Section  A  of  this  report). 

The  results  of  these  atudlaa  are  summarized  In  Tables  Hand  III. 

Table  II  presents  the  data  obtained  when  the  hydrolysates  were  assessed 
for  antlplaamin  activity.  Table  III  presents  the  data  obtained  when  the 
hydrolysates  were  assayed  for  rlbonucleaee  activity. 
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AntIHaentn  Activity  of  Hydrolveatse 
«LAU  Hydrolysed  Bovine  Pancreatic  Rlbonuclsase 
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5N 

t£j _ 

IN 

HCI 

0.5N 

_ HCI _ 

0.  IN 
HCI. 

0.079N 

HCI _ 

0.09N 

HCI 

O.OIN 

HCI 
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IGOY  PI 

MmKirm 

H'J  H  BI.B  H,'U'f  11 

Hunan  PI  HOOT)  + 
Hydrolysate  HOOOY) 

20 

20 

20 

25 

60 

No 

Lyals 

No 

Lyals 

12 

Hunan  PI  HOOT)  + 
Hydro lyaata  (2000T) 

60 

60 

60 

60 

1200 

No 

Lyals 

No 

LySlS 

!2 

120  Hrs) 

TAPkE  ijt 

SlfcMM&lggt  Activity  of  Hydrolysates  of  Acid 
Br*?.?/**  BouHtf  Pyxff-Mil*  Rl^cltty* 


Hydro lyaatss 
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Concentration  of 
Hydro I  vests 

1 .ON  HCI 

I0T 

100 

100 

0.9N  HCI 

I0Y 

100 

100 

0.  IN  HCI 

I0Y 

100 

100 

0.079N  HCI 

ICY 

100 

100 

0.09N  HCI 

ICY 

100 

85 

Not 

O.OIN  HCI 

ICY 

100 

Dotsnetnsd 

O.OO0N  HCI 

ICY 

too 

Not 

Dotsmlnod 

O.OON  HCI 

ICY 

80 

45 

Riboaucleaeo  Control- 
not  autoclaved 

IOY 

50 

25 

The  data  from  Tabla  II  Indicates  that  hydrolyala  of  rlbonuclesae 
in  hydrochloric  acid  of  mora  than  0.075  normality  raaultad  In  almoat 
complete  loaa  of  tha  antlplaamln  activity  of  tha  rlbonuclaaaa.  Thla  la 
of  particular  significance  whan  conaldarad  togathar  with  tha  fact  that 
ragardlaaa  of  tha  normality  of  hydrochloric  acid  uaad  to  hydrolyza 
rlbonuclesae  tha  anzymatlc  activity  of  rlbonuclaaaa  waa  doatroyad  (Tabla 
III),  it  la  Interacting  to  note  that  whan  rlbonuclaaaa  waa  autoclaved 
without  any  hydrochloric  acid  only  80S  of  Ita  activity  waa  loat;  however, 
Ita  ability  to  Inhibit  plaamln  activity  waa  retained  although  dtmlnlahed. 

In  view  of  thoce  obaer vat  Iona  tha  hydrolyaataa  obtained  In  theae 
Invaatlgationa  ware  examined  chromatograph I cal  I y  to  determine  the 
dlfferencee  between  hydrolyaataa  In  terms  of  amino  acids  liberated  from 
tha  rlbonuclaaaa  aiolecule.  The  hydrolyaataa  were  analyzed  by  paper 
chromatographic  techniques  using  a  Butanol-acetic  eel d  water  (78-17-5) 
mobile  phase.  The  components  of  tha  hydrolyaataa  ware  allowed  to 
separata  for  a  period  of  48  hours.  At  the  and  of  this  time  the  amino  acids 
wore  developed  using  nlnhydrln  In  butanol  as  the  color-developing  agent. 

The  results  of  these  preliminary  chromatographic  separations  revealed 
the  presence  of  six  distinct  an  I  no  acids  or  peptide  fractions  In 
r I bonuc I ease  hydrolysates  obtained  with  IN  and  5N  hydrochloric  acid.  Only 
one  amino  acid  or  peptide  fraction  was  obtained  from  hydrolysates  prepared 
by  autoclaving  rlbonuclaaaa  In  0. IN,  0.075N,  0.05N,  O.OIN,  or  0.005N  hydro¬ 
chloric  acid. 
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This  data  strongly  swggssts  thst  tha  loss  of  ths  antlplasmln 
activity  of  rlbonuclsasa  obtalnad  with  tha  IN  and  5N  hydrochloric  acid 
hydrolysis  cantors  around  tha  flva  as  yat  unldantlftad  amino  acids  or 
paptlda  fractions  obtalnad.  Hydrolysis  by  tha  mathods  wa  usad  rasultad 
In  tha  loss  of  rlbonuclsasa  activity  with  tha  apparant  distinct  forma¬ 
tion  of  a  slngls  paptlda  or  amino  acid  fraction. 

From  this  data  wa  hava  galnad  knowladga  suggastlng  that  tha 
anzyma  activity  of  rlbonuclsasa  and  tts  antlplaamln  activity  ara  dua  to 
dlffarant  cantors  or  sntltlss  Inharant  In  tha  molocula.  Invostlgatlons 
ara  now  In  procass  to  alucldata  tha  nsturo  and  typa  of  cantors  and 
inharant  amino  acid  molaculas  Involved. 
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0.  studl—  on  tha  Roh>  of  Haas rln  and  Rlbonuclaaaa  In  Flbrlnolyala 

Early  studlaa  mad*  In  our  lab or a tor  las  on  tha  machaniam  of 
flbrlnolyala  in  vitro  hava  shown  bovlna  pancraatlc  rlbonuclaaaa  to 
Inhibit  tha  dapo I ymar I zat I on  of  bovlna  or  human  fibrin  elota  by 
althar  bovlna  or  human  plaamln  If Ibrinolyaln). 

Sinea  haparln  haa  baan  raportad  by  many  Invaatlgatora  to  Inhibit 
rlbonuclaaaa  In  vitro  and  In  vivo,  (haparln  Inhibition  of  call 
dlvlaion)  and  bacauaa  of  tha  uaa  of  rlbonuclaaaa  for  tha  datarmlnatlon 
of  tha  haparln  contant  of  aarum  as  raportad  by  Loranza  (5)  In  I960, 
wa  bacama  Intaraatad  In  tha  ralationshtp  of  haparln  and  rlbonuclaaaa 
In  flbrlnolyala.  Our  intaraat  waa  furthar  atlmulatad  by  tha  work 
of  Gaartnar  and  Uaiawlca  (6>,  who  taatad  tha  Influanca  of  rlbonuclaaaa 
on  tha  activation  of  thrombin  and  tha  antlthrombln  afflcacy  of  haparln. 
Thaaa  invaatlgatora  raportad  that  pancraatlc  rlbonuclaaaa  Inhlbitad 
tha  apaclflc  antlthrombln  and  anticoagulant  activity  of  haparln. 
Indicating  a  poaalbla  complamantary  r auction  batwaan  rlbonuclaaaa  and 
haparln  In  tha  clotting  machaniam. 

In  via*  of  our  pravloua  Invaat Igatlona  of  flbrlnolyala  and  ita 
Inhibition  by  pancraatlc  rlbonuclaaaa  and  tha  raportad  rola  of 
rlbonuclaaaa  and  haparln  In  tha  clotting  machaniam,  wa  undartook  a 
study  of  tha  haparln  -  rlbonuclaaaa  intarralatlonahlp  In  flbrlnolyala. 
Thla  papar  prasants  tha  rasults  of  thaaa  Invaat I  gat  Iona. 
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Methods 


All  Investigations  were  made  In  vitro  utilizing  bovine  fibrin  as  a 
substrate  for  plasmin.  Bovine  fibrin  clot  assay  system  was  prepared  by 
dissolving  In  test  tubes  3  mg.  of  bovine  fibrinogen  In  0.0275M  sal Ine 
phosphate  buffer  at  the  desired  pH,  adding  5  NIH  units  of  bovine  thrombin 
dissolved  In  0.0275M  saline  phosphate  buffer,  and  allowing  the  mixture 
of  fibrinogen  and  thrombin  to  clot.  The  total  volume  of  this  assay 
system  was  1.0  ml . 

Our  studies  were  carried  out  In  two  parts.  In  the  first  phase  we 
Investigated  the  role  of  heparin  In  effecting  the  lysis  of  bovine  fibrin 
clots.  In.  these  studies  heparin  sodium  was  added  to  bovine  fibrinogen 
In  amounts  from  I  to  1000  NIH  units  prior  to  the  addition  of  thrombin. 
Immediately  following  the  addition  of  heparin  to  bovine  fibrinogen  thrombin 
was  added  and  the  tubes  allowed  to  stand  until  a  clot  formed  (approximately 
one  to  five  minutes).  The  tubes  were  then  incubated  in  a  water  bath 
for  24  hours  at  37.5«C  until  the  fibrin  clot  became  completely  liquefied 
(lysed).  The  time  of  complete  liquefaction  was  recorded  as  "lysis  time." 
Partial  liquefaction  of  a  fibrin  clot  In  24  hours  was  considered  an 
incomplete  lysis  and  recorded  os  non-lysed  fibrin.  Any  lysis  or  lique¬ 
faction  occurring  within  24  hours  was  considered  significant.  Assays 
were  performed  at  pH's  7.0,  7.4,  7.8,  and  9.0  In  order  to  ascertain  the 
Influence  of  pH  on  the  ability  of  heparin  to  Induce  lysis  of  a  fibrin  clot. 

The  results  of  these  studies  indicated  that  concentrations  of  one 
to  ten  units  of  heparin  caused  the  liquefaction  of  the  fibrin  clots  in 
our  system  at  pH's  7.4  and  7.8.  Lysis  of  the  fibrin  clots  was. not  observed 
at  any  other  concentration  of  heparin.  Control  clots,  without  heparin, 
did  not  autolyze  or  liquefy  at  any  of  the  pH's  studied. 
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Addition  of  50  to  IOOY  of  bovine  ribonuclease  Inhibited  the 
lytic  activity  of  heparin  obtained  at  pH  7.4  and  pH  7.8.  In  this 
regard  It  Is  Interesting  to  note  that  It  required  IOOY  of  ribonuclease 
to  Inhibit  the  lytic  activity  attributed  to  heparin  at  pH  7.8  and  only 
50Y  of  ribonuclease  at  pH  7.4.  This  Is  especially  significant  In  '/levy 
of  the  fact  that  the  reported  Isoelectric  pH  of  ribonuclease  is  7.8  - 
also  the  pH  reported  to  be  optimal  for  ribonuclease  activity  In  depoly- 
merlzlng  nucleic  acids. 

Moreover,  the  addition  of  heparin  to  our  test  system  did  not 
Interfere  with  the  clotting  of  fibrinogen  Indicating,  in  accord  with 
the  concepts  of  many  Investigations,  that  the  antlcoagulatory  activity 
of  heparin  Is  Instrumental  only  In  the  prevention  of  the  prothrombin- 
thrombin  conversion. 

The  second  phase  of  our  experimental  Investigation  was  concerned 
with  obtaining  more  specific  Information  about  the  mechanism  of  the 
r I bonuc I  ease-heparin  Interrelationship  in  fibrinolysis.  In  these 
studies  the  effects  or  actions  of  heparin  on  plasmin  and  plasmin  and 
ribonuclease  were  determined.  Four  different  experiments  were  performed. 
In  the  first  series,  the  effect  of  varying  concentrations  of  heparin  on 
plasmin  activity  was  ascertained.  The  second  series  of  studies  was  made 
to  determine  If  heparin  could  reverse  the  inhibition  of  plasmin  activity 
by  ribonuclease  as  previously  observed  In  our  laboratories.  Experimental 
Series  3  and  4  were  conducted  to  find  out  whether  heparin's  effects  in 
the  fibrinolytic  system  were  via  complexes  with  ribonuclease  or  plasmin. 

In  the  third  group  or  series  of  experiments  varying  concentrations  of 
heparin  were  preincubated  with  a  fixed  concentration  of  ribonuclease. 
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known  to  Inhibit  plasmln  activity,  prior  to  tho  addition  of  plaamin. 

In  tha  final  axparlmants  plaamin  waa  pratncubatad  with  varying  con- 
cant  rat  lon«  of  haparln  prior  to  tha  addition  of  an  Inhibitory  eoncsn- 
tratlon  of  rlbonuclaaaa. 

In  all  Inatancaa  tha  fibrin  clot  aaaay  daacrtbad  aarllar  waa  usad 
aa  tha  taat  systam  with  tha  tlma  of  comp  lata  llquafactlon  or  lyals 
of  tha  fibrin  clot  aa  tha  and  point.  All  anzyma  Incubations  wara 
carrlad  out  at  37.5*C  for  24  hours.  Aa  In  Initial  atudlas  mads  with 
haparln  and  fibrin,  lyals  occurring  within  24  hours  was  considarad 
significant.  Pro Incubations  of  haparln  and  rlbonuclaaaa  and  haparln 
and  plaamin  wara  mada  at  37.5*C  for  30  mtnutas  bafora  addition  to  tha 
assay  systam.  In  all  of  thaaa  invsatlgatlons  100  micrograms  of 
human  plaamin,  actlvatad  by  straptoklnasa,  wara  usad.  In  axparlmants 
with  rlbonuclaaaa  tha  coneantratlon  of  this  anzyma  usad  waa  SO  micro- 
grama. 

Exp  or  I  manta  In  this  part  of  our  Invastlgatlon  wara  also  conductad 
at  pH's  7.0,  7.4,  7.8,  and  9.0. 

Tha  rssults  obtalnad  in  thaaa  studios  havs  boon  sumnarlzad  for 
sach  pN  usad  and  ara  praaantad  in  tha  attachsd  tab  las. 

Flgwra  2  shows  tha  data  obtalnad  In  studios  mada  at  pH  7.0.  As 
can  ba  notsd,  haparln  sxarts  no  offset  on  plaamin  activity  at  any  of 
tha  coocantrat ions  of  haparln  uaad.  Lyals  of  fibrin  clots  in  this 
systam  occurs  within  30  to  60  mlnutao  following  incubation  at  37.5*C. 
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As  can  ba  noted  In  Curva  No.  2,  ho waver,  the  addition  of  SOY  of 
rlbonucleaae  Inhibits  lyats  for  alx  hours  with  a  gradual  Increaae 
In  lysis  time  as  the  concentration  of  heparin  Incraasaa.  It  ts  interesting 
to  note  that  even  at  concentrations  of  200  NIH  units  of  heparin  the 
inhibitory  effect  of  rlbonucleaae  Is  still  evident.  From  the  studies 
made  In  which  rlbonucleaae  was  preincubated  with  heparin  ICurve  No.  3) 

It  can  be  seen  that  low  concentrations  of  heparin  enhance  the  Inhibitory 
activity  of  rlbonucleaae.  Incubating  heparin  with  plaamin  at  pH  7.0 
prior  to  the  addition  of  rlbonucleaae  (Curve  No.  4)  decreases  the 
fibrinolytic  activity  of  plaamin  possibly  by  the  formation  of  a  heparln- 
plaamln  complex  resulting  in  more  effective  Inhibition  of  plaamin  by 
rlbonuclease. 

Figure  3  presents  the  data  obtained  with  studies  made  at  the 
physiological  pH  of  7.4.  As  was  obtained  in  the  Investigations  mdde 
at  pH  7.0  and  In  subsequent  studies  made  at  other  pH's,  heparin  exerts 
no  effect.  Inhibiting  or  activating,  on  plaamin  activity  (Curve  No.  I). 
However,  at  this  pH  It  requires  more  heparin  to  prevent  rlbonuclease 
from  Inhibiting  plaamin  activity  (approximately  50  units  as  compared  to 
20  units  at  pH  7.0}  as  evidenced  from  examination  of  the  curves.  Pre- 
incubstlng  heparin  with  rlbonucleaae  results  In  complete  removal  of  the 
Inhibition  of  plaamin  by  rlbonucleaae  (Curve  No.  3),  whereas  prelncu- 
batlng  heparin  with  plaamin  allows  for  more  effective  rlbonucleaae 
Inhibition  of  plaamin  activity  as  found  at  pH  7.0. 

Figure  4  presents  the  data  obtained  with  studies  made  at  pH  7.8.  In 
these  studies  dats  similar  to  that  of  other  pH's  was  obtained  with  the 
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noteworthy  exception  that  rlbonucleeae  activity  aa  an  Inhibitor  of 
plaamln  la  greatly  diminished.  This  could  possibly  be  attributed  to 
the  fact  that  rlbonuclaaae  Is  at  Its  Isoelectric  pH  and  consequently 
leas  affective  because  Its  net  charge  structure  la  neutral.  Otherwise, 
the  data  is  similar  to  that  obtained  at  pH  7.4. 

Oats  for  studies  made  at  pH  9,0  are  given  In  Figure  5.  In  all 
Instances  data  at  this  pH  was  similar  to  that  obtained  at  pH's  7.4 
and  7.8.  However,  with  preincubation  of  heparin  and  piaamln, rlbonucleeae 
was  found  to  be  almost  aa  effective  In  Inhibiting  plaemln  activity 
with  low  concentrations  of  heparin  present  ae  was  observed  at  pH  7.0. 

This  again  suggests  the  Importance  of  molecular  structure,  especially 
In  relatlen  to  "charge"  distribution  and  patterns. 

Suwmary  and  Conclusions 

In  susaary  and  conclusion  wa  have  observed  that  heparin  In  low 
concentration  (one  to  ten  units)  Induces  liquefaction  of  fibrin  clots 
at  pH  7.4  and  7.8,  which  can  be  Inhibited  by  ribonuclease.  This 
observation  Indicates  that  heparin  might  be  acting  as  an  "enzyme"  or 
may  effect  the  dissolution  of  fibrin  by  molecular  Interaction.  Further 
studies  would  have  to  be  made  to  determine  the  exact  mode  of  action  of 
heparin  on  fibrin  clots,  especially  In  terms  of  destabilization  vs. 
stabilization  as  has  been  purported  by  Csabe  (7)  to  be  the  role  of 
heparin  In  the  sol-gel  changes  occurring  In  blood  clotting. 
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Our  studies  slso  Indlests  thst  the  sntlf Ibrlnolytlc  activity  of 
rlbenuelssss  can  bs  Inhibited  by  heparin.  The  pH  studies  suggest  thst 
the  inhibition  of  the  effect  of  rlbonuclesse  on  plasmln  by  heparin 
revolves  around  molecular  structure  and  charge  configuration.  At  pH's 
on  either  side  of  the  Isoeleetrte  point  of  rlbonuctease,  inhibition 
by  heparin  was  more  pronounced,  although  heparin  still  was  effective 
In  Inhibiting  the  antlfibrlnolytlc  activity  of  rlbonuctease  at  the 
Isoelectric  pH  of  rlbonuctease,  7.8. 

All  components  of  our  tsst  system  -  fibrin,  heparin,  and  rlbonuctease 
are  highly  cherged  molecules.  Heparin's  electronegative  charge 
is  the  basis  for  anticoagulant  action  thought  to  enter  enzymes  In  the 
clotting  mechanism.  The  possibility  of  heparin  changing  the  electro¬ 
charges  of  the  fibrin  clot  should  also  be  considered.  This  electrical 
Imbalance  could  be  reversed  by  rlbonuclease's  positive  charges  present 
at  pH's  lower  than  the  Isoelectric  pH,  and  its  negative  load  at  pH's 
more  alkaline  than  the  Isoelectric  pH,  being  of  least  force  at  the 
Isoelectric  point  of  rlbonuclesse. 

Moreover,  our  data  suggests  thst  heparin  enjoys  a  dual  function 
in  the  fibrinolytic  system:  complexing  with  plasmln  on  the  one  hand 
and  with  rlbonuclesse,  an  effsctlve  inhibitor  of  plaamln,  on  the  other. 
This  Infers  the  possibility  of  a  related  structural  configuration  between 
plaamln,  heparin,  and  rlbonuclesse.  Further  investigations  wl I l  have 
to  be  undertaken  to  elucidate  these  findings. 
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SIMNMRY 


1.  In  Jn,  vitro  studies  human  plaamln  has  baan  shown  to  ba  devoid  of 
nuclaasa  activity  £er  se.  It  has  baan  found  that  both  bovine  and 
human  plaamln  apparantly  anhanca  tha  nuclaaaa  activity  of  bovlna 
pancraatic  rlbonuclaasa. 

2.  Tha  ability  of  human  plaamln  to  depolymerlze  and  hydrolyza  fibrin 
has  baan  found  to  ba  Inhlbltad  by  bovlna  pancraatic  rlbonuclaasa 
In  vitro.  Similar  rasulta  wars  obtalnad  with  bovlna  plaamln. 

3.  Acid  hydrolysis  of  rlbonuclaasa  rasulta  in  tha  loss  of  rlbonuclaasa 
activity  at  ail  hydrolysis  (avals  from  0.005N  to  5N  hydrochloric 
acid  uaad.  No  loss  of  tha  antiplaamln  activity  of  bovlna  pancraatic 
rlbonuclaasa  was  obaarvad  following  autoclaving  of  rlbonuclaasa  at 
I20*C  and  19  pounds  praaaura  for  13  mlnutaa  In  O.OIN  to  0.079M 
hydrochloric  acid.  Chromatographic  examination  of  tha  O.OIN  -  0.079N 
hydrochloric  acid  hydrolysates  revealed  tha  presence  of  an  unknown 
paptlda  or  amino  acid  fraction.  Paper  chromatography  of  hydrolysates 

of  rlbonuclaasa  obtalnad  from  autoclaving  bovlna  pancraatic  rlbonuclaasa 
In  0. IN  to  5. ON  hydrochloric  acid  Indicates  tha  presence  of  six 
unknown  an! no  acid  or  paptlda  fractions. 

4.  Heparin  In  low  concentration  (I  to  10  NIH  units)  Induces  liquefaction 
of  fibrin  clots  sans  plaamln  at  pH  7.4  and  7.8.  Bovlna  pancraatic 
rlbonuclaasa  wl 1 1  inhibit  this  affect  of  heparin. 

Haparln  Inhibits  tha  antiplaamln  activity  of  rlbonuclaasa.  This 
affect  of  haparln  has  baan  observed  to  ba  more  pronounced  at  pH  levels 
above  or  below  tha  rlbonuclaasa  Isoelectric  pH  of  7.8. 
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